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Medicine, Cleveland, Ohio 
T he s tudies presented demonstra te tha t immunoflu-
orescent techniques a r e capable of d e tecting picryl chlo-
r ide e rythrocyte protein conjugates formed in vitro and 
in vivo, following infusion of picry l chloride into normal, 
sen sitized and tolerant guinea pigs. These experiments 
a nd the finding that picryl erythrocyte stromata pre-
p a r ed in vitro, and in vivo from infused recipients , h ave 
th e capacity to sen sitize fresh a nima ls , support t he view 
that infused picry l chloride conjugates with the red cell 
m em bran e in vivo. 
T h e infus io n of large doses o f picry l chloride (PCL) into 
gu inea p igs commo nly induces a state of s pec ific immunologic 
unrespons iveness to d e layed contact sensit izatio n at the sam e 
time t h at t h e a nimal con comitantly b ecom es a n a phy lactically 
sens it ized to picrylated proteins [1). P r esuma bly t h e h a p ten 
com bines w it h protein constit ue n ts of fo rme d b lood ele m e n ts, 
sera o r p0ssibly t h e vessel wa lls to fo rm a h a p ten -pro t e in 
complex(es) capable of stimulating t h ese divergen t immuno-
logic p h e nomena . Indeed , picry l e rythrocyte conjugates pre-
pared in vitro a nd infused into guinea p igs w ill p roduce s imila r 
im m une r espo nses [2). Related experime n ts h ave s h own t h a t 
wash ed e rythrocytes, a nd spo ra dically , sera o b tained from pi-
cry l in fused guinea pigs, ha ve t he capacity to sens it ize fresh 
a nima ls to t h e ch e mical [1] (unpublis h ed observatio n ) . These 
observatio ns indicate t h e erythrocyte (RBC) is a s ignifican t s ite 
of h apten localizatio n fo r infused p icry l chlo ride, but t h e nature 
of t h e attachme n t a nd t h e e xact s ite of combinatio n o n t h e red 
cell re m a in to be s h own. Conceiva bly the h a p ten migh t dissolve 
in t h e lipid phase o f th e r ed cell m embra ne o r what is m or e 
like ly, conjugate w it h re d cell m embra n e protein or pe rha ps 
h e m oglobin . 
T h e view t h at couplin~ occu rs wi t h red cell surface protein is 
furth e r su ppo rted by t h e successful use of in vitro ha p ten ated 
e rythrocytes in passive he m agglutinatio n a nd plaqu e forma tion 
assays which assume t h e h a p ten is cova le ntly bo und t o a mino 
acids in t h e re d cell m embra ne [3, 4). 
In t h e fo llowing experimen ts, immunoflu orescen t techniques 
a nd t h e sensit izing capacity o f stro m ata pre p ar e d fro m re d cells 
pircylated in vitro or o b tained fro m no rma l, sens itized a nd 
toleran t picry l chloride infused guinea pigs, we re used t o study 
a nd conftrm t h e in vitro and in vivo forma tion of picry l eryth-
rocyte m embra n e conjugates. 
MATERIALS AND M ETHODS 
T he recrystallization of picryl chloride, the preparation of picrylated 
bovine albumin, feeding techniques, and the methods used to detect 
contact and immediate hypersensit ivity-passive cutaneous anaphylaxis 
(PCA) have been pu blished in greater de ta il previously [5]. 
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A nim als 
Randomly bred, male, Hartley strain, a lbino guinea pigs and New 
Zealand white rabbits were used in these studies. 
In Vitro Prep aration of Picly lated Guinea Pigs E,y throcytes 
Guinea pigs were bled from the orbi ta l s inus and the eryth rocytes 
obtained were washed 3 times in normal saline. 0.5 ml of packed cells 
was added to 20 ml of saline conta ini"ng 0. 1 ml of a 2% solu t ion of picryl 
chloride in ethanol and a llowed to react for 30 min with constant 
s tirring. T he erythrocytes were washed 3 times in normal saline a nd a 
10% suspension of packed cells in saline was used to prepare glass slide 
smears. These were fixed for 15 min in 95% ethanol and stored at 
-20°C. S lides made from a 10% suspension of normal erythrocytes 
served as cont rols. 
In Vivo Picly la.tion of GlI inea Pig Ely throcytes 
Guinea pigs were given a n in travenous injection in the subcutaneous 
thigh vein of 1.0 ml. of a solu t ion conta ining 3.0 mg PCL per ml of 
solvent (ethanol, glycofurol, saline, 1: 1:2). Two hours following injec-
t ion, erythrocytes obtained by bleeding from the orbi tal s inus, were 
washed 3 times in saline and smears were made from a 10% suspension 
of packed cells and fi xed to glass slides as a bove. 
Preparation of Ery th.rocyte Stromata 
In. vitro or in vivo picrylated and cont rol guinea pig red ce lls were 
washed twice in a looo-foid excess of glycyl-glycine to remove any 
unreacted ha pten and once in isotonic phosphate bu ffer, pH 7.4. T he 
procedure of Dodge, Mi tchell , and Hanahan to prepare hemoglobin 
free erythrocyte ghosts was employed with minor modifica tions [6]. 
T he cells were chilled, but not a llowed to freeze for 5 to 6 min at -20°C. 
and 1.0 ml. of the chilled cells was added to 20 ml of a 20 milliosmolar 
solu tion of diluted phosphate buffer (pH 7.4) to hemolyze the eryth -
rocytes. Following cold cent rifugation at 36,000 g fo r 30 min, the 
supernatant was removed carefully so as not to disturb the stromata at 
the bottom. The stromata were washed again in 10 ml of dilu ted buffer 
in the cold and twice with normal saline, once in the cold and finally in 
a regular centrifuge at 2,500 RPM for 10 to 20 min. 
Detect ion of Contact R eactivity 
Each guinea pig was tested by applying 40 J.lL of 1.0, 0.3, and 0.1% 
concentrations of picryl chloride in acetone:olive oil (4: 1) with a micro-
syringe. This volume spreads to cover an area about 7 cm". T he tests 
were read by the same observer (J.P.) at 24 hr in the following manner: 
± (trace): fain t pink spots; +: fain t pink confluent, macular erythema; 
++: pink, confluent, macular erythema; +++: light pink confluent 
erythema wi th a slightly thickened elevated edge; ++++ : confluent 
brigh t pink erythema wi th distinct thickening, e levation and necrosis. 
Tnduction of Unresponsiveness 
T he details of inducing tolerance to picryl chloride in guinea pigs by 
a s ingle feeding have been published previously [5]. Briefly, animals 
starved for 24 hr were fed 50 mg of picryl chloride dissolved in 1.5 ml. 
of corn oil via a polye thylene tube introduced through the esophagus 
in to the stomach. Three weeks later, they were immunized wi th 80 
J.lgm. of PCL in complete F reunds adjuvant injected into the footpads. 
Failure to elicit a 1+ or better reaction to topically applied 1% picryl in 
acetone-olive oil 2 weeks afte r immunization, was inte rpreted to indi-
cate immunologic tolerance to contact sensit ization. It may be assumed 
that picryl fed animals were a lso unresponsive to anaphylactic sensit i-
zation, but immunization with picryl conjugates to provoke antihapten 
ant ibody was not a ttempted [5]. 
Sensitization of Guinea Pigs 
Guinea pigs were sensitized to PCL by the injection of 20 J.lgm. of 
PCL in complete Freunds adjuvant into each footpad for a total of 80 
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Ilgm . In the experiments using stromata, animals were given 0.1 ml of 
a 25% suspension of packed stromata in complete Freunds adjuvant 
in to each footpad for a total of 0.4 ml. Two weeks after immunization 
the animals were bled to obtain sera for passive cutaneous anaphylaxis 
and contact tested with 1% PCL in acetone-olive oil. 
Preparation of Rabbit Antipicry l B ouine A lbumin 
Rabbits were sensitized by the injection of equal parts of ·picryl 
bovine albumin (13 grps/mole) and complete Freunds adjuvant H:I7RA 
(Difco Laboratories, Inc., Detroit, Michigan). Ini tially, 0.25 ml of the 
emulsion was injected into each of the 4 footpads followed by the 
injection of 0.5 ml in to each thigh muscle, at 2 to 3 week intervals. 
Fina l bleedings were done 1 week after the third injection (i.e.-5 to 6 
weeks after the ini t ial immunization) and the sera stored at -20°C. The 
undiluted sera were absorbed with equal volumes of packed washed 
guinea pig erythrocytes for 10 min at room temperature to remove 
nonspecific hemagglu tinins prior to use. 
The figure illustrates antibody response in a rabbit as a funct ion of 
time following repeated immunizations. In general, the antibody t iter 
tended to peak at a titer of 1:64, with an occasional titer reaching 1: 128. 
Immunofluorescent Staining Techniques 
The erythrocyte smears were incubated with absorbed rabbit anti-
picryl bovine albumin in a moist chamber for 30 min. Following. 3 
washings in phosphate buffered saline (PBS) * for 10 min, each with 
constant shaking, they were air dried. Incubation with undilu ted fluo-
rescein conjugated goat anti-rabbit IgG (Microbiological Associates, 
Inc.}t with a fluorescein protein ratio of 1:5 in a moist chamber for 30 
min was followed by 3 washings with PBS. After a ir drying, buffered 
glycerol (9 parts glycerol to 1 part PBS) was added, a cover glass 
applied, and the slides examined for flu orescence using a Leitz Laborlux 
microscope with an Osram HBO-200 lamp and UG-l and BG-38 pri-
mary filters. 
RESULTS 
A. In Vitro Studies 
1. Detection of picryl erythrocyte conjugates by immunoflu-
orescent techniques. Table I shows t hat picryl erythrocyte 
conjugates could readily be detected by immunofluorescent 
methods using t h e rabbit antisera prepared in our laboratory. 
Virtually all of the red cells fluoresced with the periphery 
showing the greatest intensity, but in some areas varying de-
grees of fluorescence was also noted in the center of the cells. 
The specificity of the reaction is illustrated by the negative 
res ults obtained when normal rabbit serum or fluorescein con-
jugate alone were used. Furthermore, it was poss ible to abolish 
fluorescence when the rabbit antisera was absorbed with equal 
volumes of packed picrylated red cells for 20 min prior to use in 
t h e experiments. 
2. Sensitiz ing capacity of erythrocyte stromata prepared 
from red cells picrylated in vitro. T a ble II shows that e ryth-
rocyte stromata prepared from red cells picrylated in vitro 
uniformly produced contact reactivity to 1% PCL in normal 
animals when injected along with complete Freunds adjuvant. 
In addition, PCA antibody was produced in 3 out of 6 animals. 
B. In Vivo Studies 
1. Immunofluorescent detection of picryl erythrocyte conju-
gates and sensitiz ing capacity of stromata obtained from 
normal, sensitized and tolerant guinea pigs following an in-
fusion of picryl chloride. Table III shows that picryl erythrocyte 
conjugates were uniformly detected by immunofluorescent 
techniques in RBC's from normal, sensitized, a nd tolerant ani-
mals following ·an infus ion of picryl chloride, but not in RBC's 
* The phosphate buffered saline was prepared as follows: 6.80 gm. 
NaCl, 1.48 gm NaHt!'O." 0.43 gm KtHPO, and distilled water to make 
1.0 liter. The pH was adjusted to 7.4 by the addition of IN NaOH. 
t Since nonspecific staining was not a problem when rabbit antipicryl 
bovine albumin absorbed with guinea pig erythrocytes was used, the 
fluoresce in conjugates goat anti-rabbit IgG was not titered, but applied 
undiluted. The titer of rabbit antipicryl bovine albumin was in the 
range of 1:64 to 1:28 (see Methods). 
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TABLE I. Immunofluorescence of picry l-ery throcyl.e conjugates 
prepared in vitro" 
Antise ra 
Habbit anti -picryl bovine 
albumin 
Normal rabbit serum 
None 
Habbit anti-picryl bovine 
albumin absorbed with 
picrylated erythrocytes 
Fluorescein 
conjugate 
Goat anti -rabbit IgG 
Goat anti -rabbit IgG 
Goat anti-rabbit IgG 
Goat anti-rabbit IgG 
Erythrocytes 
Picrylated Normal 
Positive Negative 
Negative Negative 
Negative Negative 
Negative Negative 
" Based on multiple experiments. 
TABLE II. Sensitiz ing capacity of erythrocyt.e strom.ata prepared 
from red cells picrylated in vitro and injected with adju.vant into 
norm.al reclpien.ts 
Hecipient 
No. 
1 
2 
3 
4 
5 
6 
" PCL = picryl chloride. 
Resul ts of immunization with 
in vitro picrylated stromata 
ContacL 
reactivity 
to 1% PCL" 
4+ 
3+ 
3+ 
2+ 
1+ 
1+ 
PCA" 
antibody 
+ 
+ 
o 
o 
o 
+ 
" PCA = passive cutaneous anaphylaxis. 
from control animals give n a n infusion of solven t alone. As 
noted ill the in vitro studies, fluorescence was most marked 
along the periphery of the cells with an occasional cell showin g 
some central fluorescence . Comparisons between the immuno-
fluorescence of cells picrylated in vitro and those from normal, 
sensit ized, a nd tolerant animals picrylated in vivo were difficult 
to quantitate. As might be expected, the number of fluorescing 
cells from in vivo picrylated a nimals was reduced by about 30%. 
There was also a perceptible decrease in t h e intensity of the 
fluorescence, except for red cells from tolerant animals, which 
were about as bright as t hose picrylated in vitro. 
Table III also shows that erythrocyte stromata obtained from 
normal, sensitized, and tolerant animals were able to regularly 
provoke contact reactivity to 1% PCL a nd occasionally PCA 
antibody as well, when injected into normal animals. 
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TABLE III . Immunofluorescence of red cells and sensitizing capacity 
of stromata obtained from donor normal, sensitized, and tolerant 
g uinea pigs following all. infusion of picryl chloride (peL) 
Sensitizing capac ity of donor 
Donor 
anima ls" 
Normal 
Sensitized" 
Tolerant 
Control" 
Direct 
immunofluorescence 
of donated 
erythrocytes 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Negative 
Negative 
Negative 
" Each group consisted of 3 donors. 
/, PCA = passive cutaneous anaphylaxis. 
stromata inj ected with 
adjuvant into normal 
rec ipients 
Recipient Recipient 
contact PCA/ 
reactivity 
antibody to 1% PCL 
3+ 0 
3+ 0 
3+ + 
2+ + 
2+ 0 
1+ 0 
4+ 0 
3+ 0 
2+ 0 
0 0 
0 0 
0 0 
'" All sensitized donors had both contact and anaphylactic reactivity. 
Intensity of donor contact reactivity to 1% PCL, 4+, 4+, 3+. 
" Donor control animals given an infusion of solvent alone without 
PCL. 
The contact reactivity was slightly more intense in the recip-
ients immunized with stromata from tolerant picryl infused 
guinea pigs. However, given the very small number of recipients 
in each group, the significance of this observation is problem-
atic. 
DISCUSSION 
The studies presented lend additional support to the evidence 
that reactive simple chemicals bind covalently to erythrocyte 
membrane protein in vitro and in vivo as well. The results 
demonstrate that there is sufficient formation of hapten red 
blood cell membrane conjugates following infusion of picryl 
chloride to permit detection both by immunofluorescent tech-
niques and their capacity to sensitize fresh animals. Presum-
ably, introduction of a reactive chemical into the circulation 
also results in formation of conjugates with other blood ele-
ments and probably plasma proteins as well, but convincing 
evidence to substantiate thi"s assumption is not available. In 
preliminary experiments with white cells using the same tech-
niques, it was not possible to overcome the well recognized 
problem of nonspecific white cell staining, commonly seen with 
immunofluorescent methods. Previously published experiments 
transferring sera from picryl infused animals were negative 
[1]. However, subsequent unpublished studies using a similar 
method, but varying the period following infusion when the 
sera was harvested, showed sporatic, inconsistent instances 
when it was possible to sensitize a fresh animal with sera taken 
from a picryl chloride infused donor, blended with adjuvant 
and injected in the footpads. This indicates that binding with 
plasma protein probably does occur (personal observation). 
The in vivo studies indicate that the hapten conjugates with 
the red cell membrane, regardless of the immune status of the 
recipient. Although it was not possible to precisely quantitate 
them, the differences in the intensity of the red cell immuno-
fluorescence and sensitizing capacity of the stromata obtained 
from t he groups of normal, sensitized, and tolerant animals, are 
intriguing. However, the number of animals in each group was 
limited and additional studies with larger groups might reveal 
more obvious differences between them. 
The demonstration that infused picryl chloride combines 
with the red cell membrane may help to explain the apparently 
divergent phenomena of concomitant contact tolerance and 
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PCA detectable specifiC antibody that occurs following infusion 
or feeding of picryl chloride [1, 2]. It is well recognized that 
hapten bound to weakly or nonimmunogenic carriers, such as 
autologous red cells or proteins, are generally more effective 
tolerogens [7]. For example, Golan and Borell have reported 
that a carrier to which the host individua l is naturally tolerant 
has a greater capac ity to induce unrespo nsiveness to the hapten 
than a foreign carrier [8]. If the infusion of picryl chloride is 
viewed as resulting in formation of an a ltered cell antigen(s} 
consisting of a hapten bound to a nonimmunogenic carrier(s} , 
{i.e.-the hosts own erythrocytes, other circulating blood e le-
ments and plasma proteins} the resultant unresponsiveness to 
induction of delayed contact hypersensitivity to the hapten 
would be expected. However, the concurrent appearance of 
picryl specific humoral antibody indicates that the tolerogenic 
capability of the resultant antigen(s} is not absolute. This could 
conceivably be a function of the degree of binding or substitu-
tion that occurred with the various elements as the infusion 
was administered. 
It is pertinent to note that hapten coupled erythrocytes and 
leukocytes are effective stimulators of lymphocyte transforma-
tion when added to leukocyte cultures of subjects that are 
hypersensitive to the specific hapten. In addition, it has been 
shown that the interaction of lymphocytes from hapten sensi-
tized patients with an antigen prepared from cells coupled to 
the same hapten will result in lymphokine production [9-12]. 
Scott, commenting on the work of Battisto and Bloom, has 
suggested that TNP coupled to a syngenic super carrier toler-
ogen might be responsible for "a suppressor cell" effect [2, 13]. 
It is possible to speculate that infusion of hapten results in 
formation of a variety of antigens, some of which have the 
capacity to stimulate the production of "suppressor" T cells, 
while others stimulate the formation of antibody forming B 
cells. 
Furthermore, it is also conceivable that the antibody itself 
has a suppressive effect on the hosts capacity to respond to 
contact sensitization [14, 15]. 
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